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Parki nson disease (PD) is a neurodegenerative disease characterized by clinical features including tremor, rigidity, bradykinesia, and postural instability. Motor impairments occur in various parts of the body, including head, neck, trunk, and limbs. These motor impairments are both composite and combined, adversely affecting patients_ functional ability. 1 Tremor and rigidity are correlated with worsening manual dexterity and reduced ability to perform daily activities. 2 Moreover, gait difficulty, stooped posture, rigidity, and postural instability increase the risk of falls and associated consequences that greatly impact functional ability and quality-of-life. 3, 4 These motor impairments can limit persons with PD from performing activities in daily life and markedly interfere with performing functional activity.
These factors may therefore cause selfimposed restriction of daily activity, decrease in other physical activities, 5 and incline persons with PD toward a sedentary lifestyle and deconditioning. 6 Patients with PD have been found to be 29% less physically active than control subjects. 7 Several previous studies reported that disease severity, gait impairment, freezing of gait, falls, and fear of falling are associated with decreased daily physical activity in people with PD. 7Y11 Although specific motor impairments of PD are well recognized, the associations of axial and limb motor impairments to level of physical activity and activity limitations are not clearly described in the literature.
Axial impairment (gait disorder and postural instability) was reported to be strongly associated with disability and poor quality-of-life in patients with mild to moderate PD and was found to account for 31% of the variance in the Schwab and England Activities of Daily Living Scale (SE-ADL) score. 12 However, some potential confounders were not controlled for in the study, and the independent contribution of axial and limb impairments to activity limitations could not be determined. Therefore, in this study, activity limitations were adjusted for potential confounders (i.e., age, sex, disease duration, comorbidity) and the authors examined the associations of axial motor features and limb motor signs of PD with physical inactivity. Understanding of the relationship of motor impairments to physical inactivity and activity limitations could encourage health care providers to design interventions to overcome these impairments. The authors hypothesized that axial motor impairment would be strongly associated with physical inactivity and activity limitations in persons with PD.
METHODS

Participants
Ninety nondemented, community-dwelling persons with PD were recruited from outpatient movement disorders clinics and PD support groups in Houston and Galveston, TX. They all were diagnosed as having idiopathic PD and received pharmacologic therapy. All participants were within Hoehn and Yahr stage 2Y3 13 and were able to ambulate independently. Participants completed cognitive screening, and those with greater than moderate impairments on the Cognistat were excluded from the study. 14 All participants were able to follow instructions and independently respond to questionnaires.
Procedures
All participants read and signed an approved consent form before participation. The study was approved by the Institutional Review Boards for Human Subject Research for Baylor College of Medicine and Affiliated Hospitals and the University of Texas Medical Branch. The Unified Parkinson Disease Rating Scale (UPDRS) 15 was administered by neurologists with expertise in PD and movement disorders. A research assistant asked the participants about their medical history and administered questionnaires.
Outcome Measures Comorbidity
The Charlson Comorbidity Index 16 was administered as an interview to obtain information and medical history to assess risk based on all diseases or illnesses the participant has. The scale is a weighted index that takes into account the number and seriousness of each comorbid disease and the age of the person to predict the risk of death. The comorbid diseases are clustered based on their clinical similarities and weights are assigned using observed mortality rates. Some of the illnesses in the scale are myocardial infarction, peripheral vascular disease, cerebral vascular disease, dementia, pulmonary disease, cancer, renal disease, diabetes, metastatic tumor, and AIDS. Higher index scores indicate more severe comorbidity.
UPDRS-Motor Score (Items 18Y31)
The motor section was used to assess motor impairment. The UPDRS motor section is rated by direct examination or observation. The score enables clinicians to quantify the type, number, and severity of motor impairments from PD.
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Axial Motor Features
Axial motor features were quantified using a composite score of UPDRS-Motor Section III. The composite score included items 18 (speech), 22 (rigidity of neck), 27 (arising from chair), 28 (posture), 29 (gait), and 30 (postural stability); the composite was used to represent axial motor features. 17 The range of score is 0Y24. A higher score indicates more severe impairment.
There are varieties of a composite score of the UPDRS for axial motor impairment reported in the literature by several investigators. 18, 19 Speech (dysarthria) is often considered as one of the axial features because of its levodopa nonresponsiveness feature. 18 Therefore, the authors included speech impairment as an axial impairment together with gait and postural instability. Because the facial expression normally responds well to the levodopa, 19 the authors did not include that as the axial feature. Tremor of the chin and lips/face involves the same pathophysiology as limb tremors and often responds well to levodopa. Considering the literature, Bejjani et al. 17 explicitly listed items for axial and limb motor signs derived from the UPDRS, which serves the study objective. As a result, the authors were in accord with Bejjani et al. for the UPDRS item selection.
Limb Motor Signs
Limb motor signs were quantified using a composite score of UPDRS items 20 (tremor at rest of all extremities except Bface, lips, chin[), 21 (action tremor), 22 (rigidity of all extremities except neck), 23 (finger taps), 24 (hand movement), 25 (rapid alternating hand movements), and 26 (foot tapping). 17 The range of the score is 0Y72. A higher score indicates more severe impairment.
UPDRS-ADL Subscale (UPDRS Section II; Items 5Y17, Range 0Y52)
The UPDRS-ADL assesses the ability to perform a range of common ADL tasks that often are impaired in persons with PD, including salivation and sensory complaints. A higher score indicates greater difficulty in performing ADLs.
Schwab and England Activities of Daily Living Scale (UPDRS Section VI)
The SE-ADL is a disease-specific scale designed to measure global functional ability in ADLs in persons with PD. 20 The scale is rated from 0% (bedridden with vegetative functioning) to 100% (completely independent without awareness of difficulty), with 10% intervals. The score provides the overall percentage of the ability to perform ADLs based primarily on independence and awareness of difficulty. The SE-ADL score is used to represent the level of ADL dependency.
Physical Activity Scale for the Elderly
The Physical Activity Scale for the Elderly (PASE) was used to assess physical activity. It measures the level of physical activity in elderly persons within the previous week. The PASE consists of 12 questions regarding the frequency and duration of various activities. The two main components of the PASE are household-related activities (e.g., housework, lawn care, home repair, gardening, and volunteer activity) and structured exercises (e.g., sports, jogging, swimming, strengthening, and endurance exercises). The total score was calculated according to the instruction manual by multiplying the activity frequency or duration per week, or the participation in an activity (yes/ no), by empirically derived weights. Total scores can range from 0 to 400, with higher scores reflecting higher levels of physical activity. The PASE reasonably represents the types of activities in which elderly persons usually participate. 21 
Statistical Analysis
All analyses were performed using IBM SPSS version 22.0. Descriptive statistics for demographic and clinical variables were calculated. Relationships of the outcome measures were indicated by Pearson correlation (r). Hierarchical multiple regression analyses were performed to determine the contribution of axial motor features and limb motor signs to the level of physical activity and ADL limitations. After controlling for age, sex, disease duration, and comorbidity in the first block, axial motor features and limb motor signs were entered into the second block using a forward method. The significance level for all tests was set at P less than 0.05.
RESULTS
The study population included 90 persons with a mild or moderate stage idiopathic PD (Hoehn and Yahr stage 2Y3). Their mean UPDRS-Motor score was 19.36 T 10.16 and the average duration of PD was 7.90 T 5.34 yrs. Sixty-four participants (71.1%) were men and 26 (28.9%) were women ( Table 1 ).
Correlations of Motor Signs with ADL Limitations and Physical Activity
Pearson correlation analysis demonstrated that axial motor features significantly correlated with level of physical activity, UPDRS-ADL score, and level of ADL dependency (SE-ADL). Limb motor signs significantly correlated with ADL score and level of ADL dependency, but not with the level of physical activity. Axial motor features had moderately strong correlations (medium r = 0.390 to large r = 0.708) with physical inactivity and activity limitations, whereas limb motor signs demonstrated small to medium correlations (small r = j0.025 to medium r = 0.40) with physical inactivity and activity limitations ( Table 2 ).
Contribution of Axial Motor Features and Limb Motor Signs to Physical Inactivity and Activity Limitations
A multiple regression analysis using the PASE as the dependent variable was performed. Demographics (including age, sex, disease duration, and comorbidity) were entered in step 1 and explained 13% of the variation in the PASE. Axial motor features and limb motor signs were entered in step 2. Only axial motor features were included in the model and explained 20.5% of the total variation in the PASE scores. Limb motor signs were excluded from the model (A = 0.141, P = 0.231). Axial motor features explained a significant 7.5% of the additional variance in the PASE scores, after adjusting for age, sex, disease duration, and comorbidity (Table 3) .
Age, sex, disease duration, and comorbidity entered in step 1 explained 9.2% of the variation in UPDRS-ADL. Axial motor features and limb motor signs were entered in step 2. Only axial motor features remained in the model and explained 51.5% of the total variation in the UPDRS-ADL scores. Limb motor signs were excluded from the model (A = 0.105, P = 0.252). Axial motor features explained a significant 42.3% of the additional variance in the UPDRS-ADL scores after adjusting for age, sex, disease duration, and comorbidity.
With SE-ADL as the dependent variable, age, sex, disease duration, and comorbidity entered in step 1 explained 5.2% of the variation in SE-ADL. Axial motor features and limb motor signs were entered in step 2. Only axial motor features were included in the model and explained 34.4% of the total variation in the SE-ADL scores. Limb motor signs were excluded from the model (A = 0.056, P = 0.604). Axial motor features explained a significant 29.2% of the additional variance in the SE-ADL scores after adjusting for age, sex, disease duration, and comorbidity.
DISCUSSION
This study examined the contribution of axial motor impairment and limb motor signs to physical inactivity in persons with PD. The results of this study demonstrated that axial motor features contributed significantly to physical inactivity and activity limitations, after adjusting for demographics and health status. Limb motor signs did not contribute significantly to physical inactivity or activity limitations. Several studies have reported the associations of falls, fear of falling, and gait impairment with physical inactivity and activity limitations in people with PD. 7Y11,22,23 However, no previous study has examined systematically the association of specific axial impairments and limb motor signs, which represent the core features of the disease, to activity limitations in PD. This study focused only on the motor aspects of PD impairments and did not include nonmotor features (e.g., fatigue, falls, cognition, autonomic dysfunction, lethargy, mood, sleep disorders, pain, and depression) that can potentially also contribute to activity limitations. These features also predispose people with PD to sedentary lifestyles. 7,24Y26 However, it was beyond the scope of this current study to investigate their relationships to physical inactivity.
Generic factors such as age, sex, and health status are found to be associated with the level of physical activity in older people. 27 Greater comorbidity was associated with less daily physical activity in PD. 7 In this study, the authors adjusted for demographics (e.g., age, sex, and disease duration) and comorbidity, so that they could independently study the associations of motor impairment to the level of physical activity. As hypothesized, axial impairment contributed significantly to physical inactivity and activity limitations, a result consistent with a previous study by Muslimovic et al., 12 in which greater severity of postural instability and gait disability was a major predictor of rapid progression of disability in PD over time. Muslimovic et al. 12 reported that axial impairment, measured by UPDRS gait and postural instability scores, comorbidity, facial expression, and executive function, accounted for 46% of the variance in disability (measured by the Functional Independence Measure score) and for 31% of the variance in the SE-ADL score. The results of this study, together with those of others, indicate that axial impairment is strongly associated with disability in patients with mild to moderate PD.
Axial motor impairments are known to negatively impact general mobility and ambulation in persons with PD. They are widely presumed to adversely impact ability to perform ADLs and incline patients toward a more sedentary life. In this study, the authors now provide new supporting evidence to underpin this assumption, based on the analyses of their association with level of physical activity and ADL scores. Axial motor features were significant contributors to the dependent variables assessing ADL limitations (UPDRS-ADL and SE-ADL) and physical activity (PASE). After controlling for demographics and health status, axial motor features had a significant standardized coefficient (A) with all three dependent variables. The results of this study support the previous finding on the role of axial impairment, measured by the postural instability/gait difficulty score, in predicting future disability in PD. 28 Patients with higher postural instability/gait difficulty scores at baseline had more rapid progression of disability in PD than those with lower scores.
Limb motor signs did not contribute a significant variance to the physical activity and ADL limitations, although they were significantly correlated with ADL limitations (UPDRS-ADL and SE-ADL). The correlation of limb motor signs to SE-ADL and UPDRS-ADL was small to moderate (r = 0.226 and r = 0.40, respectively) and failed to significantly contribute to the model. Results indicated that, although the limb motor signs included core features of PD (tremor, bradykinesia, rigidity), they were not a significant contributor to activity limitations. The specificity of the motor symptoms and the ADL items might explain this finding. The UPDRS-ADL consists of 13 items that include both PD-related physical impairments (e.g., handwriting, speech, salivation, swallowing) and ADL items reflecting basic function and mobility (e.g., dressing, walking, eating, freezing while walking). 29 Some of the 13 ADLs involve use of the limbs (e.g., handwriting, cutting food, and handling utensils); others involve both limb and axial motor features (e.g., dressing, hygiene, turning in bed and adjusting bedclothes, freezing when walking, and walking). The rest of the items are not involved with limb use (e.g., sensory, speech, swallowing, and salivation). Apparently, there are more ADL items that involve axial motor signs than limb motor signs. Therefore, limb motor signs did not account for the ADL limitations, whereas the axial motor signs did.
The SE-ADL reflects patients_ general estimation of their ability to perform ADLs with respect to (1) level of dependency, (2) degree of slowness, and (3) awareness of difficulty. The estimation is expressed as a percentage in 10% increments. Scores can range from 0% to 100%, with 100% representing complete independence without awareness of difficulty. This global estimation from the patient_s perspective does not assess specific impairments of limb motor signs.
Other investigators previously reported contributors to physical inactivity in PD. Van Nimwegen et al. 7 found that gait impairment, disability in daily life, disease severity, fear of falling, comorbidity, depression, and anxiety were associated with lower levels of daily physical activity. Inactivity in PD was associated with worse walking performance, more disability in daily life, and greater disease severity. Specifically, time spent on daily physical activity decreased approximately 3% for each point increase in UPDRS. Skidmore et al. 23 reported that disease severity (as measured by the UPDRS) inversely correlated with total number of steps taken during the day and average steps per minute taken during the most active hour as measured by a step activity monitor. In these two studies, disease severity (UPDRS) was correlated with physical inactivity measured by daily step activity. The results of this study add to the literature the significant contribution of axial motor impairment on activity limitations and support the previous findings on disease severity and physical inactivity in PD.
Some limitations concerning this study should be recognized. First, the sample was a crosssectional cohort; therefore, the causality of the relationships between motor impairments and physical inactivity and ADL limitations was precluded. Physical inactivity could have occurred before the diagnosis of PD, soon after the diagnosis of PD or later as the PD progressed. Second, because the participants were community-dwelling persons with PD, the findings cannot be generalized to institutionalized persons with PD. Third, the authors used a validated interview-based physical activity questionnaire (PASE) to quantify the level of physical activity. However, it is a subjective method of measuring physical activity, which might be subjected to recall bias, overestimation, or underestimation of actual physical activity. These potential biases were minimized by excluding demented patients with PD from the study. Future studies should use an objective measure of activity such as a step activity monitor or a pedometer. Fourth, axial and limb motor impairments were measured by the clinical rating scale, UPDRS, which is a global evaluation of PD impairment and disease progression. It may underemphasize mobility and may be a poor indicator of ambulatory function, as reported previously. 30, 31 Interpretation of the results was based on physical activity variables used in this study, and caution should be made when generalizing to other functional mobility measures.
Finally, the sample consisted of persons with mild to moderate PD, thus limiting generalizations of the findings to persons with PD either in a very early stage (Hoehn and Yahr stage 1) or in advanced stages (Hoehn and Yahr stage 4Y5) of the disease. The sample in this study comprised communitydwelling persons with mostly well-preserved independence in their ADLs (approximately 85% of SE-ADL).
In this study, the authors demonstrated that axial motor features explained 7.5%, 42.3%, and 29.2% of the variance in the level of physical activity (PASE), UPDRS-ADL, and SE-ADL, respectively. Still, a large amount of variance was not explained by the motor impairments investigated in this study, indicating a need for further investigation and suggesting that other factors contribute to the variability in physical activity. Other potential factors include concomitant nonmotor features of PD, psychiatric symptoms, socioeconomic status, family support, and education. These variables were beyond the scope of this study.
CONCLUSION
Activity limitations and physical inactivity were significantly correlated with axial motor impairments from PD. The clinical implication is that clinicians should be aware of physical inactivity and ADL limitations associated with axial motor impairment. Interventions to increase or promote physical activity in persons with PD should take into consideration the extent of axial motor impairment. 
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